4  Combinational Logic Circuit

4.1

4.2

4.3

4.4

4.5

4.6

4.7 NAND
4.8 NOR
4.9 XOR

\.

jhlee@hnu.ac.kr



Combinational Logic Circuit
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Design of Combinational Circuit

O Design Procedure
(1)
(2) Input, output variable
(3) Input, output variable
(4) Truth table -
(5) Boolean function  minimization
(6) Logic diagram
(7) Design verification

*® 6 06 0 o

(fanout)

\.

jhlee@hnu.ac.kr



4 Half-Adder

X— —> S
HA
yg) ——)C
X y S C
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
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S=Xy+Xy C =xy
=xAvy
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Half-Adder

/

y—1
x— —
y—1_ ¢ y—1 ) C
S =Xy S = (x+y)(X +Y)
L C=Xxy C=xy
P
X — X
yjﬁ>l>ws —D _D—
X |
O] =l
y
S =(C+Xy) S = (x+y)(X +Y)
9 _ C =xy C=(X+y)

jhlee@hnu.ac.kr




4 Full-Adder \

yz

X 5 S X\ 00 01 11 10
)/ s F:/\‘ 0 1 1
7 —> —> C 1|1 1

S =xy Z+XYy z+X yZ +xyz
= X (Y z+yZ )+x(yz+y Z )

x |y lz ]S |C = X (YAz)+x (YA z)
s To 1Tt = AYAZ
0 |1 |0 |10 NG NG
O 1 1 O 1 00 01 11 10 00 01 11 10
0 1 0 1
1 0 0 1 0
1 1111 1 1011
1 0 1 0 1
111 ,01011 C = Xy+yz+xz C = Xy+X yZ+xy' z
S I O O = Xy+Z(X y+xy')
= xy+z(xA
\_ y+z(XAy) )
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4 Full-Adder

S=XYy Z+XY z+X yZ +Xyz

C = xy+yz+xz

S =xAyAz
C = xy+z(xAy)

> iy S
{jj '—D?D7 C
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Half-Subtractor

X —> —> D
HS
X y D B
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0
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X 0 1
0 1

1
B=XYy
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/FuII-Subtracter

X —> —— D

y— FS

7 —> — B
X y y4 D B
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

\.

X

Yz

00 01 11 10

1 1

D=xy Z+XYy z+X yZ +Xyz
=X (Y z+yZ J+x(yz+y Z)

= X (YAz)+x(yA z)
= xAyAz
yz yz
00 01 11 10 00 01 11 10
0 1011 0 1011
1 1 1 1
B =Xy+tyz+X z B=Xytxyz+xXyz

=X y+z(Xy+X'y')
= X y+z(xAy)
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Full-subtracter

D = xAyAz
B =X y+z(xAy)

HS

HS

jhlee@hnu.ac.kr




/

BCD to Excess-3 Code Converter

AB|C|D|jw([x|y]|z D
oloflofofofOf1]1 AB\ 00 01 11 10
ojojof1]of1]0]0 g‘l) s
0o(0|11(0[0]1]0]1 i T Tx Tx
00 |1]1]0]1|1]0 o 11 Tx T
o(1]0(0f(0]1]1]1
O|11(0f(212f(1(0f0]0 w = A+BC+BD
o(1|11(0(1]0]0]1
o(1(1|1]12|0|1]0 cD
1{ojo|of1]0(|1]1 AE;O°1°°111110
110011 (2(1]0{0 ol 1 1
w(A,B,C,D) =4a(5,6,7,8,9) 11 X | X | X | X
X(A,B,C,D) =4(1,2,3,4,9) 1] [X]X
y(A,B,C,D)=4a(0,3,4,7,8,) y =CD+C D

z(A,B,C,D) = &(0,2,4,6,8)
\_  d(AB,CD)=4(10,11,12,13,14,15)

CD
AB\ 00 01 11 10

00 111
o1| 1
11 X | X | X | X
10 1[X|X

x =B C+B' D+BCD

CD
ABN 00 01 11 10

ool 1 1

01| 1

11 X | X
1

10

1
X
X

Q | x|x
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w = A+BC+BD
= A+B(C+D)
x=BC+BD+BCD
=B (C+D)+BC D
= B (C+D)+B(C+D)
y = CD+C D
= CD+(C+D)
z =D

: AND(7), OR(3)
- AND(4), OR(4)

BCD to Excess-3 Code Converter
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BeDto7-Segment Diplay 1123455783

W XY Z

0(0j1|1

BCD to 7-segment
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4 BCD to 7-Segment Display
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Analysis of Combinational Circuit

(1)
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F,= AB+BC+CA
T,= A+B+C
T,= ABC
T=F, T,
Fi= T+,
F = Ty+T,
= ABC+F; T,
= ABC+( AB+BC+CA) (A+B+C)
= ABC +A' B C+AB C +ABC
= AABAC J
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4 Multi-Level NAND Circuit

NOT A >0 A

A — ABY
AND A

A—0— A,
OR IE}(A BY=A+B

A A
g:} aBcy VY g%)—A +B +C = (ABC)
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Multi-Level NAND Circuit
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/Analysis of Multi-Level NAND Circuit

(1)

T,= (CD) =C+D

C — T,
D T,=(BC) =B+C

B DOTTS T,=(T,B) =[(C+D)B ] =(BC+BD)
A _jﬁT“_ = (B+C)(B+D) = B+CD
g:jc - — )—F T,= (AT,) = [ (A(B+CD) ]
F=(T,T,) = (BC)[ A(B+CD)]
= BC +A(B+CD)
\..
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/Analysis of Multi-Level NAND Circuit
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(3) AND-OR
C __|
=D

(E; :Do _Do— F

=D £

B (FI_gD_\ B —\_DT

A _D"j A —

D> D -

/Analysis of Multi-Level NAND Circuit

y

F = A(B+CD)+BC
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4 Multi-Level NOR Circuit

NOT A >0 A

A— 00— A
AND 0— (A +B ) =AB
>o—' g —

OR g ) BB o aig

A—> v A—o0
B A+B+C) B—0 )—ABC = (A+B+C)
C ( ) c—<
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Multi-Level NOR Circuit

i
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T >—
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e

A — L
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Multi-Level NOR Circuit
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/XOR function

XAy = X y+xy

xA0 = x

XAl =X

xAx =0

xAxX =1

XAy = (xAy) =x y
XAy=(xAy) =x vy

X Yy =(x y)y =xAy
X y=(x y)y =xAy

\.

y

— Ay

jhlee@hnu.ac.kr




/Odd function

1 1
BC
A 00 01 11 10
0 1 1| F=AABAC
1] 1 1 =A (BAC)
=A B C

giDﬁg}F
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Even function

11 1”

A

00O 01 11 10

ol 1

1

1

1

11 ]-”

F= (AABAC)
=AA(BAC) =AA(B ©C)
= (AMAByAC=(A B)AC

=
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4 Parity Generator \

X|Y|Z]| Podd |Peven Odd parity Even parity
8 g 2 2-) 2 A oc 00 01 11 10 A oc 00 01 11 10

o| 1 1 0 1 1
0]10(0 0 1 . 1 1 1 1
011 1 0
11110l o 1 Pogq= (xAyAz) P.ven= xAyAz
1101 1 0 =xA(y 2) = [xAyAz]’
1olol 1 | o = (x y)Az =Ay 2)]
t]afa] o | 2 -x Yo

v
Y

ﬁDFD .-

\ e xXA)y z=xA(y 2z) Y
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Parity Checker

Codd

Ceven

1
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Odd parity

zP
xy \-00 01 11 10

01 1 1
1111 1
10 1 1

Cogq= (xAyA zA P)
=X (yA zA P)
=x y (ZAP)
=x vy z P

Even parity

zP
xy \00 01 11 10

00 1 1
01| 1 1
11 1 1
10| 1 1
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